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ABSTRACT
Use of air conditioners has been increasing due to economic development. As a result, ratio of the electrical
consumption by the air conditioning equipment is continuously increasing, and the lack of electricity at day time or
the remaining of electricity at night time is becoming a problem.
Ice storage technology is one of the methods to moderate the peak demand and is used widely. Ice storage is the
technology that ice will be generated in the night time and the ice will be used in the day time for air conditioning.
This will enable to flatten the demand of electricity between day time and night time.
The large capacity ice storage chiller is required in the market; therefore we developed the largest capacity semihermetic single screw compressor in the world with the capacity of 490TR in the ice generation mode and 730TR in
the cooling mode. For this design, the internal volume index was optimized for both the operation of ice generation
and cooling mode. In addition, as for the critical speed which would be an issue in the development of the large
compressor, the bearing location was optimized to avoid the resonance with the rotating speed. Consequently, 5% of
COP improves from the existing model especially for ice storage chiller. We believe that we can contribute to the
environment protection with the high efficient air conditioning equipment by using this compressor.

1. INTRODUCTION
1.1 Background
Use of air conditioners has been increasing due to economic development. As a result, ratio of the electrical
consumption by the air conditioning equipment is continuously increasing, and the lack of electricity at day time or
the remaining of electricity at night time is becoming a problem.
Ice storage technology is one of the methods to moderate the peak demand and is used widely. Ice storage is the
technology that ice will be generated in the night time and the ice will be used in the day time for air conditioning.
This will enable to flatten the demand of electricity between day time and night time. Demand of the ice storage
chiller is rapidly increasing especially in China and reached to 716 units in 2015.
The large capacity ice storage chiller is required in the market; therefore we developed the large capacity semihermetic single screw compressor which has high efficiency with the capacity of 490TR in ice generation mode in
the night time as well as with the capacity of 730TR in cooling mode in the day time for the ice storage chiller.
1.2 Characteristics of screw compressor
Screw compressors, which are one of the positive displacement compressors, can be operated in the wide
operational envelope, since there is no operating limitation from compression mechanism such as surging or choke
commonly appeared in centrifugal compressors. Ice storage chillers will be operated in the cooling mode in the day
time as well as in the ice generation mode in the night time by using the redundant electricity in the nigh time. The
screw compressors are suitable for the operation by keeping good performance in the wide range, therefore we
developed the large capacity semi-hermetic single screw compressor up to 730TR that is largely beyond the existing
capacity range as shown in figure 1. We successfully enlarged the capacity range of the semi-hermetic single screw
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compressor into the range where only the centrifugal compressors exist up to now. The figure 2 shows the outline
picture of the developed compressor.

Figure 1: Line-up of semi-hermetic screw compressor

Suction end

Discharge end

Figure 2: Developed semi-hermetic single screw compressor with 730TR capacity

2. SINGLE SCREW COMPRESSOR
Screw compressors have become increasingly popular for air conditioning and refrigeration applications. They are
broadly divided into two types. One is a twin screw compressor and another one is a single screw compressor. The
single screw compressor was invented by Mr. Bernard Zimmern in 1960s. It has a unique compression mechanism,
comprising one main rotor with two meshing gate rotors one on each side as shown in Figure 3.

Screw rotor
Gate rotor

Main shaft
Figure 3: Single screw compressor
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3. COMPACT DESIGNS
The compressor length or height tends to larger with increasing the capacity, therefore in the case of the water
cooled chiller with the tandem compressor, it may be difficult to mount the compressor onto the condenser, or it may
be difficult to enter or install the chiller into the machine room in the building. We designed the compressor as
compact as possible with the following mechanical features.
3.1 Combination of the slide piston with the bearing housing
The single screw compressor has two compression chambers at the top and the bottom with two pieces of the gate
rotor and the compressor capacity is controlled by using two pieces of the slide valves which are operated by the
hydraulic piston located at the end of the bearing housing and the slides are connected with the yoke so that the two
slides can be moved synchronously.
In general, the piston is located at the end of the bearing housing, however this large screw compressor has enough
room to fit the piston inside of the bearing housing because of the large screw rotor diameter. The length of the
developed compressor was shortened by approximately 200 mm with this configuration.
Bearing
housing

Piston
cylinder

Bearing
housing

Piston
cylinder

Yoke
(Original)

Yoke

(New piston arrangement)
Figure 4: Capacity control piston

3.2 Horizontal suction filter
In the case of water cooled chiller, the suction flange is facing downward because the refrigerant gas is suctioned
from the evaporator where is located below the compressor. In general, the suction filter is inserted from the suction
flange to prevent any foreign matter from entering into the compressor inside. The developed compressor has 10
inch suction piping size due to large flow rate, therefore the large room is necessary inside of the suction cover to
insert the suction filter. In order to shorten the compressor as much as possible, the suction filter was fitted to the
suction flange horizontally with enlarged diameter so that the length of the suction filter is shortened with keeping
the filter surface area.

Figure 5: New suction filter
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3.3 The electrical terminal location
In the existing compressor, the electrical terminal is located at the top of the compressor for easy access and
connection work of the electrical cables from the top in consideration of the usage for the air cooled chiller. This
compressor is exclusively designed for the water cooled chiller, so the electrical terminal was located at the side of
the compressor to reduce the compressor height.

4. HIGH RELIABILITY DESIGN
4.1 Aluminum honeycomb coating to the screw rotor
The large capacity chiller equipment is one of important infrastructures for human life and it will be huge losses
when the chiller stops unexpectedly. Therefore, it is very important to keep running with high robustness.
The screw rotor is rotating at high speed with small clearance between the screw rotor and the casing, however the
rotor could be seized in the worst case by contacting with the casing when the discharge gas temperature was
abnormally raised and the clearance between the casing was reduced due to thermal expansion of the screw rotor.
The screw rotor was coated with the aluminum alloy and this coating would be polished even if the rotor contacted
with the casing.
In addition, the small recesses were carved at the surface of the aluminum coating. The small particles will be buried
in this cavity and the lubricity will be improved by the trapped oil in the cavity when contacting with the casing. We
have been applying this technology for more than 20 years on site and have enough achievement and reliability.

Enlarged surface

Figure 6: Aluminum honeycomb coat on the screw rotor
4.2 Three bearing support
For the small size single screw compressors, the main shafts are generally supported by the bearings at two positions
axially with the paired angular contact bearing and the roller bearing located at the both end of the screw rotor.
However, it was presumed that the runout of the shaft would get larger due to the extended shaft length and the
heavier motor rotor or screw rotor. We adopted the three bearing support system for this large capacity compressor
by adding the deep groove bearing at the suction end. With this configuration, we achieved the stable operate with
low vibration, since the main shaft system has sufficiently higher critical speed than the operating speed as
mentioned later.
Screw rotor
Motor rotor

Mid bearing
(roller)

Suction bearing
(deep groove)

Discharge bearing
(angular contact)

Figure 7: Three-point support
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5. PERFORMANCE AND RELIABILITY TEST
5.1 Performance improvement with optimized Volume index (Vi)
As mentioned above, the developed compressor is used not only for the ice generation in the night time but also for
the air conditioning in the day time. The operating condition is difference between the ice generation mode and the
cooling mode. The ice generation mode requires lower evaporating temperature than the cooling mode for
generation of the ice, therefore the operation at the higher pressure ratio (PR) is required in the ice generation mode.
If the volume index (Vi) of the compressor was set to optimize one of the operation mode, performance will be
deteriorated in another operation mode.
Figure 8 shows relationship between compressor performance and Vi setting in both the ice generation mode and the
cooling mode. Performance in the cooling mode is getting decreased when Vi setting is increased because the
operating condition is low pressure ratio in this mode. On the other hand, performance in the ice generation mode
has optimum point at higher Vi setting due to high operating pressure ratio.
In consideration that appearance ratio of ice generation and cooling mode is 7:3, the green line in the Figure 8
represents weighted average efficiency of the compressor. We designed Vi setting so that the weighted average
performance is optimum. As a result, performance gain at the ice generation mode is 5% compared to the standard
compressor designed for water cooled chillers.

Figure 8: Relationship between performance and Vi
5.2 Optimized Shaft Design for Large Capacity Compressor
Along with developing large capacity compressor, the shaft length is getting longer and motor rotor and screw rotor
are getting heavier. So if the compressor is enlarged, the primary critical speed of the shaft system becomes lower.
In the smaller compressor, the primary critical speed was much higher than the operating speed, however, it was
presumed that the critical speed became close to the operating speed 60Hz, therefore we studied very carefully in the
design stage. As a conclusion, we adopted the following design to get higher critical speed.
1.
2.
3.

Three bearing support main shaft system with the additional suction bearing
Shorter distance between bearings as much as possible
Increased stiffness of the bearing support

Figure 9 shows the test result of the frequency sweep test that was conducted one of the development test in the
development stage. The compressor was operated from 40Hz to 70Hz with the condition that the two gate rotors
were removed and the suction and the discharge end were fully opened to the air. It was checked if any vibration
peak appeared at any specific rotating speed. As a result of this test, it was confirmed that the primary critical speed
is more than 70Hz which is sufficiently higher than the operating speed 60Hz.
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Discharge
Flange

Foot

Suction
Flange

Figure 9: Frequency sweep test result

6. CONCLUSIONS
The large capacity semi-hermetic single screw compressor up to 730TR at the cooling mode was successfully
developed for the ice storage chiller.





The developed compressor was designed as small as possible by adopting the slide piston in the bearing
housing, the horizontal suction filter and the side electrical terminal.
The developed compressor has high reliability and robustness with aluminum coating with honeycombing and
three bearing support main shaft system.
The developed compressor has optimum Vi setting for both the ice generation and cooling mode in
consideration of the weighted average performance. The compressor performance at the ice generation mode
was improved by 5% in comparison with the standard screw compressor designed for water cooled chillers
The developed compressor has low vibration with the optimum shaft system with optimum bearing location or
stiffed bearing support. It was confirmed that the critical speed of the shaft system was sufficiently higher than
the operating speed through the frequency sweep test in the development stage.
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